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Abstract

Paneling methods are approximate techniques for solving flow

problems over wings and bodies. Vortex panels are used to model flow

over wings and other lifting surfaces. The author develops a triangular

- vortex panel having a vorticity distribution that can vary in magnitude

and direction. This panel is used to predict the pressure distribution

on a rectangular and a sweptback wing in subsonic flow. Lift distribu-

tions obtained compare favorably to Anderson's solution and wind tunnel

results except near the wing tip. In this region, the distribution will

spike before satisfying the Kutta condition imposed at the tip.

Possible remedies for the tip problem are discussed.

'
~viii
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DEVELOPMENT AND APPLICATION

OF A SUBSONIC TRIANGULAR

VORTEX PANEL

1. Introduction

Background

Paneling methods are approximate techniques for solving linearized

subsonic and supersonic potential flow problems over wings and bodies.

Panels in use today incorporate singularity distributions of the

source, vortex, and doublet types. Source panels are often used to

I model bodies * :d other non-lifting surfaces and to model thickness

of lifting surfaces. Vortex panels are used to model either lifting or

non-lifting surfaces. In a typical problem, the airplane is represented

by a finite number of panels. Each panel is a singularity distribution

of unknown strength that models some part of the aerodynamic surface.

These unknown strengths are determined by applying the flow tangency

boundary conditions at or near the aerodynamic surfaces. Once the

strengths are known, the perturbation velocities can be computed. These

are substituted into the Bernoulli equation to obtain the pressure

distribution and the corresponding aerodynamic forces and moments.

Problem Statement

In many current paneling methods, the orientation of the vorticity

vector is fixed on the panel (Ref 6 and Ref 8). This leads to

4, unacceptable errors in some cases. The purpose of this study i~s to

LA6
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derive a subsonic triangular panel having a vorticity distribution that

can vary both in magnitude and direction. A panel system is assembled

and used to predict the pressure distribution on a planform. Since the

computations involved are too lengthy to be performed by hand, a

computer code was developed to apply the panels to planar wings.

Approach

The subsonic triangular panel is derived in Section II. The

Biot-Savart Law is used to compute the induced velocity at a point due

to an assumed bilinear vorticity distribution on the panel. This

expression formulates the induced velocity in terms of panel geometry

and unknown corner point vorticity.

Section III presents methodology for panel system assembly.

Numbering schemes are developed for panels and the unknown corner point

vorticities. Planform boundary conditions are applied which reduce the

number of unknowns and the remaining unknowns are solved for by

formulating a linear system of equations. This system consists of

control point equations (one per panel) and a number of edge continuity

conditions. The linearized form of the flow tangency boundary condi-

tion is then used to effect the solution. Once the corner vorticities

are known, the vorticity at any point on the planform can be obtained.

Finally, induced velocities and corresponding pressures can be calcu-

lated from the known vorticity.

Section IV presents a computer code developed to apply the

methodology to planar wings. Brief descriptions of each subroutine

2
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and a detailed input description are provided. Appendix 3 is a

sample output and Appendix C is the program listing.

Section V presents program predictions for a rectangular ving

which are compared against Anderson's solution (Ref 1:9-16). Pre-

dictions are also presented for a swept untapered ving which are

compared against wind tunnel tests (Ref 4:92).

Section VI concludes the report and makes recommendations for the

improvement of the aerodynamic nodel.

3
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I. Panel Derivation

This section presents the development of the subsonic triangular

panel. The goal is to derive an expression for the induced velocity at

an arbitrarily chosen point in the zy plane due to an assumed bilinear

vorticity distribution on the panel.

Geometry

The first step in panel development is the definition of panel

geometry. Initially assume the panel is a trapezoid lying in the xy-

plane and*having two edges parallel to the x-axis. It is then sub-

divided into two triangles having a common side that joins the upper

left hand corner to the lover right hand corr -r. The panel is oriented

so that the root and tip chords lie parallel to the free stream flow

direction at a1 - 0. Figure 1 depicts the panel geometry, corner

point numbering scheme, and coordinate system.

Singularity Strength Distribution

The general form of the singularity strength distribution on the

panel will be

C.ON, Y) 0 5( ,1 + )Y(x. 01i (2.1)

where 5 and Y are continuous functions of z and y. For the purpose

of this study, ( and ' are assumed to have the "bilinear" forms

(F(x, y) -F + Dx + Ey (2.2)

* "(x, y) -A + Bx + Cy (2.3)

I4
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I, Yi)

(4 .

The corner vorticities are
2 deignaed (61. ri)where

(X29'71)i is the corner num er.

Figure 1. Panel Geometry and Corner Point Numbering Scheme

5
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( where the coefficients A, 3, C, D, F, D and E are yet to be determined

constants. These constants will be expressed as functions of the panel

geometry and the unknown singularity strengths at the corner points.

Consequence of the Helmholtz Conditidh

The vorticity distribution WJ(x, y) is required to satisfy the

Helmholtz condition that vorticity must be preserved In the fluid. Thus,

V(6) ft o (2.4)

on the panel. If 6and 'Y have the forms (2.2) and (2.3), respec-

tively, te

a(F +Dx +Ey) ax + ()(A +3x +Cy)/ ay 0 (2.5)

which Implies

Din C (2.6)

such that

b(x, y) F ~ Cx + Ey (2.7)

The formulation could be continued in terms of the bilinear

coefficients. However, it Is conventional to express them In terms of

* - panel corner point vorticities.

Silinear Coefficients in Terms of Corner Vorticity

in the ensuing discussion, the subscript L refers to the leading

triangle and the subscript T refers to the trailing triangle.
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The 'y component of vorticity (eq (2.3)) is assigned the unknown

value. I) , I , at the corners (xl, s (13' y2 )' ,nd (74) (

of the leading triangle. This leads to the following system of three

equations In AL. BL and CL:

T,- AL + 3.~zl + CLyl (2.8)

T3 AL + "13 + CLY2 (2.9)

4AL +  4 + CLY2 (2.10)

The system has the solution:

I AL - 2 'Y1/(72 - 7l) + [(Yl4 - xly2 )/(y 2 -7 ) ]

1V -3/(x3 - 4) + [(xlY2 - 713)/(y2 - yl)]

NI(I3 - x4) (2.11)

SL - ( T3 ') /(x3 - 4) (2.12)

CL "- 7 1/(Y2 - 71) + [(zl - 24 )/(y 2 - yl)) T3/

( 3 - 4) + 1( 3 - z)/(y 2 - y'] "Y4/

(z3 - 14) (2.13)

Since DL -- CL, only two corner conditions may be used to solve for FL

and L in 6the component eq (2.7). Assigning the ,-ln, 61 ad (53

at the corners (x1, yI) and (x3. 72) leads to

61 + CI 1 " 'ZY11 + 7L (2.14)4.i
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63+ CLZ3 m172 + 1L 2.5

and

* 117~61- 63)/(' - 2)+ [(xi- 3)

( - Y2) 3 L (2.16)

YLi (y 6 3 - Y2 (YI' - Y2) 1 I(Yz3-

zly2)/(Yl - 72)JCL (2.17)

In asuilar way, the trailing triangle coefficient equations are

obtained as follows:

AT -l y1 'Yl - 2) + [(y2x1 - z4y1)I(y1  72)

Y2/(x2 3[l.) + [(X4yl 7212) 'Y1'

(Z2 - z3.) (2.18)

CT - 74/17l - 2) + [(N - zl/31- 72)] Ty2/

(z2 - Yi + [(12 - x41'l- 72)1 ')y1/

(X2 - 11) (2.20)

'T 6( 2 - 34/Y - 2) + [(z2~ z4)/j

(1- 7 2)ICT (2.21)
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FT - (Yl C)4 - Y2 
6

2 )/(Y 1 - Y2 ) + [(Yez4 -

'272)/(Yl - y2)]CT (2.22)

where ET and FT have been expressed in terms of (as functions of) CL)

components at corners 2 and 4.

Mathematical Continuity

The bilinear vorticity distribution is continuous on each triangular

region. In addition, the T component has been made to be continuous

throughout the planform by the representation in terms of corner values.

This can be demonstrated as follows. Let ] be the boundary shared by

any two adjacent triangles. Then P is a straight line segment and can

1*d be described by a linear expression (i.e., y in terms of x or x in terms

of y). The r distribution on each of the adjacent triangles Will

degenerate to a linear function of a single variable upon substitution

of this expression. Both functions assume the same 7 values at the

endpoints of ]7. Since only two points are needed to determine a

straight line or a linear form, we have 7 matching identically on

p.

The 6 component has breaks n continuity throughout the planform.

This Is a consequence of applying the Helmholtz condition (eq (2.4))

which eliminated the constant D and expressing the remaining to

unknowns in terms of two 6 corner values, out of a possible three.

The 6 component is continuous on panel leading and trailing edges

since it is on these edges that comon 6 values are assumed at the

ndpoints. The 6 component is discontinuous on panel diagonals.

9
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Application of the Diot-Savart Law

Let (A)(1) be a vorticity distribution defined on a finite region

R In the zy plane. Let I be a fixed point (control point) in the plane.

The velocity induced at I due to the distribution on R is given by the

Biot-Savart Law (Ref 5:526-528):

47f('g -f/[ A)() X (I - f)]/jS - U 3dR (2.23)

Suppose the control point a is located at the origin of the

coordinate system. Note that this can be done by performing a simple

translation of the plane. Then,

T- (0, 0, 0) (2.24)

;-f- (0, 0 0) - (z. 7, 0) - (-x, -y, 0) (2.25)

Assuming the distribution has the form (2.1).

Cox (-f) - xT - y3 1; (2.26)

where 1 t the unit vector normal to the xy-plane. Substituting the

expressions (2.25) and 2.26) into eq (2.23) yields:

OTv (0, 0, 6) - y M)/(2 + (d. (2.27)

where v is the normal velocity component induced at the origin.

Substituting the expressions for -7 (2.3) and 6 (2.7) into eq (2.27)

yields:

10
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7r - (Ax + + 2Cxy- Ey 2 Fy)
JJ
R

(Z2 + y2)3/2dR (2.28)

where R is taken as the region defined by a trapezoidal panel.

Let L and R be the subregions of R which correspond to the lead-

Ing and trailing triangles. The coefficients A, B, C, F, and E remain

constant on each subregion and eq (2.28) is rewritten as:

L T L T L
47rv- k'L + £1111 + LLI 2 + BTX2 + 2CLI 3 +

2C ILT L IT LL ET (2.29)

CT 3 - FL4 - TA4 L5S ET5

where

SL,T - (/(12 + y2)3/2)dR (2.30)
13 ff+ 2/)R

RL, T

L, T f (2 A(x2 + 72)3/2)dR (2.31)$2 ff

'L, T

L, fT f (y(x2 + y2)3 12)dR (2.32)

RL, T

4 ff' rr/ (,(12 + ) R (2.33)

RL, T

L, T Y ff (72/(x2 3/2)dR (2.36)

RL,1T

11t
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Evaluation of these integrals may be found in Appendiz A. Substitution

of the expressions for AL through ET1 and collecting coefficients of the

unknowns ^ * 6't~ ~ 1  ''Y 3 , and %4) yields, af ter

considerable algebraic maipulation,

47rv- IY ~L 4- 1L 0(71 Y2)1 61

[(_ ) - 2 ) 3 2

[((x4y1  7212)11 (12-

M -72)1+ (12 -Ll)K +

5( - x4)K)/((Y2 - 7)1 - "' ] Y +

T T

[((7211 - 1471)11l + (y -7)1(14 - z1)Kz)I((Y - 72)1 2 - +l))] 4 +

[((x 4  - xy 2 ) + - )11 +

(xl - x4)KL)/((Y2 - yl)(13 - 74))1 T3 +

((z y2  ) 1 l - 2) (x2 -1 i  - +

( 71)x 2 + (13 - (x)j + (13 "

14

&1
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i4 7 41%z - 4)-Y 4  (2.35)

where

21 L

K1L 3 1 [(Xl - 3)1(.1 7 2)34 -

-(~x IY2)/(Yl - PI'4 (2.36)

-T 2I3 - ~2 - 14)1(71 -7 2)115

-~ 2/Y Y2) 1T (2.37)

Expression (2.35) is the normal velocity Induced at the origin of

the xy plane by a trapezoidal vorticity panel. This velocity is due to a

bilinear vorticity distribution which satisfies the Helmholtz condition

eq (2.4).

13
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III. Panel Assembly

This section presents the panel assembly procedures needed to

model a wing. The goal is to develop the methodology required to

predict the pressure distribution and associated forces and moments on

a wing.

Panel Numbering

Figure 2 illustrates a paneling arrangement and associated number-

ing scheme for a 16 panel wing. The panels are numbered consecutively

in the chordwise direction starting with the inboard leading edge

panels and terminating Vt:. the outboard trailing edge panels.

Number of Unknowns, Boundary Conditions and Numbering

Let M be the number of chordise panels and N be the number of

spanwise panels. These are defined using H + 1 chordwise cuts and

N + 1 spanwise cuts. Each intersection determines a panel corner

point. Since there are two unknown components at each corner point,

the total number of unknowns is given by:

2(M + l)(N + 1) (3.1)

Boundary Conditions

Two boundary conditions are imposed on the wing panel system.

These reduce the number of unknowns and improve the physical modeling

of the flow field.

14
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The z axis is normal to the
wing planform.

155
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The Kutta condition (Ref 5:390-399)

T(r, y) " 0 (3.2)

is imposed at all corner points on the wing trailing and tip edges.

Since the ' component of vorticity eq (2.2) is both linear and

continuous on these edges, the Kutta condition is satisfied identically.

The Kutta condition reduces the total number of unknowns by:

M + N + 1 (3.3)

(NOTE: The point defining the intersection of the trailing and tip

edges is conmon to both.)

A historically acceptable boundary condition (an outgrowth of

Prandtl's lifting-line theory (Ref 5:535-567)) is for the vorticity

vector to lie tangent to the wing leading edge. This boundary condi-

tion initially orients the vorticity vector so that a positive circu-

lation is produced. The boundary condition is imposed at all leading

edge corner points and can be written:

T -A (3.4)

or

6 - /A (3.5)

where A is the leading edge slope at the corner point. It reduces

the total number of unknowns by:

N + 1 (3.6)

16
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The unknovu corner a are denoted
by ""and the 'ys by"

y

Not: 5-Y/

177
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and the total number of unknowns becomes:

21M + M (3.7)

* after imposing the two boundary condition equations (3.2) and (3.5).

Since the wing is symnetric about the x-axis, it may seem logical

to impose a boundary condition at the wing root chord. However, setting

5 o0 (3.8)

at the centerline is redundant for rectangular wings and leads to an

ill-conditioned system once planform symmetry is considered.

Unknown Numbering Scheme

Figure 3 illustrates the unknown numbering scheme for a 9 panel

wing with applied boundary conditions. The paneling arrangement of

Figure 3 is chosen because it represents the smallest number of panels

needed to illustrate interior panels and panels having boundary

conditions. Let i be the panel number of an interior panel. Then

the following numbers (in terms of i, M, and N) are assigned to the

eight unknown corner vorticity components:

(3.9)

i (3.10)

(3) i+ - (3.11)

(84) i+M (3.12)

18
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(' ) M + M+ i (.3

( 2) MN++M+i+1 (3.14)

( ) + 2K + i (3.15)

rA) H + 2 4 + i + 1(3.16)

Solving for the Corner Vorticities

The total number of unknowns (after the boundary conditions are

applied) is given by eq (3.7) which also specifies the number of condi-

tions needed to solve for the corner vorticities. Two types of condi-

tions will be used; control point conditions and edge or point

continuity conditions.

Control Point Equations

Control point equations are obtained using eq (2.35). The

velocity component is computed for one point (control point) on each

panel comprising the wing.

Let (x y) be the control point on panel i. To obtain the

contribution to w due to panel J, express the coordinates of panel j

in a coordinate system with (xi, yt) at the origin. This is done by

performing a translation in the z - o plane:

x M x-x i

(3.17)

y " -7Y

Equation (2.35) is then applied with appropriate boundary conditions.

19
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Planform symmetry is included by reflecting either the panel or con-

trol point about the z-axis and applying eq (2.35). Reflecting the

control point is less complicated from a programming viewpoint.

The above process is repeated for each panel on the wing. After

all the contributions to v. have been calculated, it can be written as:

2MQN+M

vi= Z Aij j (3.18)

j -l

vhere et is the column vector of unknown corner vorticities and the

coefficients A1j are functions of panel geometry. The 0i are numbered

using the system given by eqs (3.9) through (3.16). One control point

equation (3.18) is obtained for each panel on the wing and together

they comprise MN conditions.

Edge Continuity Conditions

The 6 component of vorticity eq (2.7) is discontinuous across

i' the panel diagonal (See discussion in Section II.). This can be

partially remedied by specifying a point continuity condition at the

panel lower right hand corner. This condition is:

S(x4, y2) - 64 (3.19)

vhich becomes

64 -3* [(+ 3 - x4)/(y 2  71)] T -

[(xl - zQ/(Y2  yl)  3 - [(x3 - 11)1

(72- yl)] 0 (3.20)

20
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after substituting of (x4, y2) and the expressions for AL (2.11), BL

(2.12), and CL (2.13) into eq (2.7). One condition eq (3.20) is

formulated for each panel on the ving for a total of MO conditions.

Note that 6 is still not continuous across the panel diagonal due

to the remaining discontinuity at the upper left hand corner. Also,

is not continuous across panel side edges.

The edge continuity conditions and control point equations total

2MN conditions. M additional conditions can be obtained by specifying

an edge continuity condition for 6 at the upper left hand corner of
each panel along the centerline. This condition is:

6-(l Y) 6 (3.21)

which becomes

&- 6. - [(-2 - 11)1(yl- 72)] +

4[(x - 11)/(yl - y2) ] Y2 + [(2 - 14)1a

(1- y2) ) -0 (3.22)

after substitution of (xl, yl) and the expressions for AT (2.18), BT

(2.19), and CT (2.20) into eq (2.7). This choice is based on trial and

error, the additional 6 continuity on the centerline having the effect

of minimizing vorticity oscillations.

Compressiblity

Compressibility effects are accounted for by using the Prandtl-

Glauert transformation (Ref 2:124-127):

21
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x - x/I (3.23)

The transformation is applied to all x coordinates which are used in

either the control point equations or edge continuity conditions.

Matrix Formulation

The control point equations and edge continuity conditions are

2QN + H equations in the unknowns, Or This system has the matrix

formulation:

(3.24)

2N + 
0(2ZM + 14)x (214N + 14)

The first HN rows of A are the coefficients fcx the control point

equations and are all nonzero. The last 14N + M rows of A correspond

to the homogeneous edge continuity conditions and have no more than

five nonzero entries per row.

Solution

The linearized form of the flow tangency boundary condition is

(Ref 5:495):

v/Vc- dc/dx - (3.25)

where at is the wing angle of attack, dc/dx is the local camber slope
and VO&s the free stream velocity. This expression is substituted

for each v i in eq 3.24 where dc,/dz is the panel slope at control

point i. In matrix notation,

22



hlI/GAE/AEI80J-1

or

Forces and Moments

Once the On are obtained for a given a and camber slope

distribution, eqs (2.2) and (2.7) can be used to calculate the

vorticity strength at any point on the planform. The surface perturba-

tion velocities in terms of local vorticity are (Ref 5:508):

u/Vo- ' /2 (3.28)

v/VCO 6/2 (3.29)

The upper sign corresponds to the upper wing surface and visa-versa.

Pressure coefficients are obtained from the perturbation velocities

by either using the exact isentropic expression (Ref 3:167):

Cp 2[(l + (-Y- 1)M/2(l - (CV;+ u)2 +

v2 + ,21V ) '(-)- (3.30)

or the second order approximation (Ref 3:167):

(1_ 2 2 2+ V22 3.1

Cp [2u/V6+ (1 H )u /V2 + (2 w)V O (331

which is adequate for two-dimensional and planar flows. These coeffi-

cients are integrated along chord lines to obtain local lift and moment
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coefficients. The appropriate expressions are

71TS
CL -r (1/c) f XL ( i Pu d (3.32)

CM (1c 2)fXTE(C -C) x3.)

XLE

there the subscripts 1 and u refer to the lower and upper wing

surfaces.

This concludes the theoretical section of this report. The next

step is the Implementation of this panel to predict airloads on vinge.

This is done by the use of a computer code "WING" which is presented in

Section IN.

24



A"ITIGAZlAZI/I -1

IV. Computer Code

General Description

A FORTRAN code 'WING" has been developed to analyze planform flow

using the methodology discussed in Sections I and I1. WING is a

pilot code and should not be treated as a fully checked-out production

program until the problems in the wing tip region are resolved

(Section V). Many of the programming techniques used in WING have

been previously developed by the author and can be found in Reference 8.

Care has been taken to insure correspondence between FORTRAN variable

names and the symbol usage in Sections II and III. The listing

(Appendix C) contains coment cards that describe program function and

logic in detail. Below is a brief description of each of the sub-

routines in WING.

WING (Main)

WING is the executive control routine. All geometric data is

read by WING. WING initializes panel parameters and calls subroutines

MESH, AERO, INVRT, and LOADS in that order.

MESH

ESH generates the x and y coordinates for the panel corner points

and control points. The mesh is generated from the information given on

the first four data cards. MESH is a FORTRAN version of the mesh

generator discussed in Reference 8.
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AERO

AERO formulates the control point equations and edge continuity

conditions. Subroutine INT is called by AERO.

TNT

INT evaluates the panel Integrals using equations (A.31) and

(A.32). Subroutine STRIP is called by TNT.

STRIP

STRIP evaluates the five STRIP function equations (A.24) through

(A.28) given two points in the plane.

INVRT

INVIT inverts the coefficient array for the system of equations

formulated by AERO. The inversion is performed using Gaussian

elimination. INVRT is essentially the same inversion subroutine found

in the FASTLODS lifting surface program (Ref 6:73-133).

LOADS

LOADS calculates the planform pressure distributions and aero-

dynamic coefficients for the loading cases specified by cards 6 and 7.

After the last loading case is eamrIned, LOADS will terminate program

execution.

Input Description

This section provides a card by card description of input data

26



AFIT/GAE/AE/8J-l

along with some helpful "dos and don'ts" of program operation. All

Input is unformatted and should be separated by comas. Integer data

cannot have a decimal point. WING is a nondimensional code which will

P accept data in any consistent system of units. Presently, WING can

analyze planforms having sixty panels or less. This can be increased

by changing the dimensions of arrays X, Y, XC, YC, E, A, SG, CBR, and

SUM in common blocks A and C. The reader is referred to Appendix B

which contains a sample problem.

Card 1 (Span Data)

Variables (In Order) Description

SSPN The length of the wing semi-span.

NS The number of stations needed to

define the spanvise panel boundaries.

The wing root chord is station 1 and

the last station is the wing tip. NS

is an integer and must be less than or

equal to 12.

S(1), ... , S(NS) Span stations as a fraction of the

sem:-span. 0. and 1. will always be

the first and last entries. Entries

must be in ascending order left to

right.
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Card 2 (Chord Data)

NC The number of stations needed to

define the chordwise panel boundaries

The leading edge is station 1 and the

last station is the trailing edge. NC

is an integer and must be less than or

equal to 10.

C()..., C(NC) Chord stations as a fraction of the

wing local chord. 0. and 1. will

always be the first and last entries.

Entries must be in ascending order

left to right.

Card 3 (Break Point Data)

Break points are the x coordinates of leading and trailing edge

for those chords that define a sweep change. The wing centerline

defines the positive x-axis with origin at the leading edge.

NB The number of break point sets

needed to outline the planform

geometry. Two sets will be needed

to define a four-point wing. NB is

an integer and must be less than or

equal to 10.
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NL(1), B(1, 1). B(1, 2), ... NL is the number (Not the value!) of

NL(NB), B(NB, 1). B(NB, 2) the span station where the sweep change

occurs. NL is an integer. B(I, 1) and

B(I, 2) are the leading and trailing

edge x coordinates of the chord line

at span station VL(I). Break point

sets are entered from inboard to out-

board. The first set (NL - 1) will

always be the x coordinates of the

root chord leading and trailing edge.

The last set (NL - NS) will always be

the x coordinates of the tin chord

leading and trailing edge.

Card 4 (Mach and Control Point Data)

CY, CX Control point location in terms of

local panel span and chord. CY is

the fraction of the panel span and CX

in the fraction of the panel chord.

A recomended control point choice is

CY - .15 and CX - .75 which is based on

extensive program testing.

NACH Mach number (not an integer). WING

accepts subsonic Mach numbers only.
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Card 5 (Number of Loading Cases)

NA The number of loading cases to be

examined - i.e., changes in angle of

attack or camber slope distribution.

NA is an integer that has no upper

bound.

Card 6 (Load Cases)

NA cards are required

ALPHA The angle of attack in degrees. Plus

is nose up.

NCCG The camber change parameter (integer).

Enter 0 to read a new camber slope

distribution or 1 to retain the pre-

vious distribution. WING initially

sets the camber slope array equal to

0.

NPF The pressure option parameter

(integer). Enter 0 to use the exact

isentropic expression eq (3.30) or

enter 1 to use the 2nd order approxi-

mation eq (3.31).
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CY, CX Panel location (fraction of panel

span, fraction of panel chord) where

the pressures are to be calculated.

Pressures may be computed at points

other than the control points.

Card 7 (Camber Slope Distribution)

This card is used only for a NCCG value of 0.

CBR(l) ... , CBR(NP) The value of the local panel slope in

degrees for each panel on the plan-

form. NP is the total number of

panels. Entries must be made in the

order corresponding to the panel

numbering scheme (Figure 2). The

sign rule for camber follows the

standard convention.
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V. Results

Program WING was exercised for a variety of four point wings

having various aspect ratios, taper ratios, and sweep angles. This

section presents results for two of these wings.

Two general observations are made first. One, control point

location is the major factor controling bounded numerical oscillations

of the vorticity vector as it is in many current paneling routines

(ex. Refs 6 and 8). Oscillations are very common if the control

point is located anywhere on the leading triangle. Fewer oscillations

occur if the control point is located on the trailing triangle with

.1 * CY a .5 and .4 - CX t .9. Secondly, the program shows the

best results when uniform spanwise paneling is used. Non-uniform

spanwise paneling tends to cause oscillations in the vorticity vector.

However, non-uniform chordwise paneling seems to have little effect on

solution stability. The best total CL match (with other known solu-

tions) occurs at approximately CY - .15 and CX - .75.

Rectangular Wing

The first case examined is a rectangular wing; AR - 8, a = 50 and

MC- .1. The wing is modeled using 12 uniformly spaced span stations
00I

and 6 non-uniformly spaced chord stations (0., .1, .3, .6, .8, and 1.)

which define 55 panels. Figure 4 shows the CL distribution predicted by

WING and Anderson (Ref 1:9-16). The lift coefficient experiences a

spiking phenomena near the wing tip. This phenomena always happens in
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.8

By WING,
- CLTOT -. 4

oAnderson, CLTOT -. 438

.3 0

*1 12 .3 .4 .5 .6 .7 .8 .9 1.

y/(b/2)

Figure 4. CL Versus Span Station for a Rectangular

Wing; AR - , 5os
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the region defined by the last three outboard span stations. Also, the

C, distribution falls off faster than it should before reaching the

region where spiking occurs. There is very little difference between

total lift coefficients indicating the areas under the curves are

approximately equal. This shows the solution is possibly trying to

compensate for the spike by underpredicting lift in the inboard region.

Figure 5 shows the spanvise distribution of center of pressure.

The X shifts are aft in the region of spiking before traveling for-cp

ward. The ACp versus chord station curves of Figure 6 exhibit

expected behavior for the inboard stations (0 a V/S N .585). At

1/S - .9, the curve has "fattened up" considerably which drives the

X backwards and creates the CL spike. The curve is subsiding again at

Y/S - .95 since the Kutta (no net load) boundary condition is imposed at

the tip.

! Figure 7 Is the O strength at the root chord. The calculated

solution compares favorably with the exact 2-D flat plate solution

(Ref 5:515):

Y(x) 2 (c - )/(cx - x2)] (5.1)

where c is the chord length and C is measured in radius.

Figures 8 and 9 show 'Y and 6 strength distributions at

selected span stations. The 6 distribution grows in magnitude rela-

tive to T as we approach either the tip or the trailing edge. This

allows the vorticity vector to turn and satisfy the Kutta condition as

shown in Figure 10. The 6 component is 0 at the leading edge which
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& p
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1.8 -TI 3 - .585

1.6

1.4-

*1.2T

1.
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Figure 6. AC pVersus X/Cat Selected Span Stations-

Rectangular Wing, AR S.8 a So5
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1.4.

- Calculated

1.2. 0 Exact 2-D Flat
Plate Solu.

A

X/ C
.1 .2 .3 .4 .5 .6 .7 .8 .9 1.

Figure 7. ~'Strength Distribution at the Root Chord of
a Rectangular Wing; AR -8, a * 50
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Y/ .315

F .4

I' / .585

.3-

.2

.1

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.

Figure 8. 'TStrength Distribution at Selected Span
Stations - Rectangular Wing; AR 8, a * 50
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is the condition of infinite slope (eq (3.5)). Also, the 6 component

is small near the wing root chord which illustrates the effect of plan-

form symmetry. Both the 6 and 'Y components exhibit unusual

behavior in the tip region. Possible remedies for this problem are

discussed in Section VI.

Swept Wing

The second case examined is a swept untapered wing; AR - 4.5,

A- 400, a - 50, and -O " .1. The wing modeling is the same as

the rectangular wing. Figure 11 shows the CL distribution predicted by

WING and by wind tunnel tests (Ref 4:92). Again, a spiking phenomena

occurs. The predicted CL curve is showing the proper curvature in the

region inboard of the spike. Also, the total lift coefficients again

show close agreement. Figure 12 shows the x center of pressure versus

span station which again shifts aft in the region of spiking.
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CL
.6

- By WING CLTY - 297

0 Test Data, CLTOT

.274

.4

0
.2"

i -4 i i I I I y/(b/2)

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.

Figure 21. CLVersus Span Station for a Sveptback

tUntapered Wing; AR a4.5. Am 400, a - 50
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Xcplc
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- By WING

0 Test Data

.4

.3,

.2 
a

0

0
.1

y/(b 12)

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.

FFigure 12. XcpI Versus Span Station for a Sveptback

Untapered Wing; AR -4.5, A- 400, Ct 50
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VI. Conclusions and Recommendations

Conclusions

A paneling technique which allows the vorticity vector to change

direction has been demonstrated. The proper choice of control point

(see Section V) will guarantee a solution free of numerical oscillations

in the vorticity vector. This method has been implemented on a computer

and introduces no new complexities to an experienced programer. Exist-

ing mesh generators and other aerodynamic modules were incorporated into

this technique (Ref 8). Computer run times are of the same order as

programs incorporating "fixed direction vorticity" panels and no

problems involving extensive "run times" were encountered.

The method gives good aerodynamic results near the centerline of

the wing. However, the method will underpredict life as we move

outboard. A gross overprediction of lift occurs in the region defined

by the three most outboard span stations. Total lift coefficients as

predicted by this technique agree well with existing solutions.

Recommendations

The following ideas are suggested for the improvement of the

method and hopefully will lead to the elimination or minimization of

the "spiking" problem.

a. A wake model should be incorporated into the program.

b. The flat plate panels should have a provision for leading edge

auction.
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c. Higher-order panels might be needed at the leading edge and

tip. This would turn the vorticity vector faster and minimize the

spiking. An elliptic vorticity distribution is suggested since many

classic lift distributions are elliptic near the tip.

d. Change or modify the leading edge boundary condition. The

"classical" tangency condition may be unappropriate for this kind of

panel. Reference 9 suggests the Kutta condition be applied at the

leading edge.

e. Interchange the role of 7 and with respect to panel

boundary continuity conditions. Perhaps the 7 distribution enjoys

too much continuity on the planform. This could be creating problems

by forcing the T distribution to undergo unusual 'arping" in order

to satisfy the planform boundary conditions.
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APEDIX A

Evaluation of the Panel Integrals

The methodology for evaluating the integrals IL, T of section 2 isI

presented here.

Consider the semi-infinite region shown in Figure 13. This strip

is bound by the lines y - YoP y M Y1 , and the line segment connecting

(xo, yo) to (xl, yl
). The equation for the line segment is:

y - Mx + b (A.1)

where

M ((Yl -y) I - Xo ) )  (A.2)

and

b - 0 - xoM (A.3)

Define the following improper integrals on the semi-infiuite strip

F:- lim 1 ff(x. y)dxdy (i -1, -5) (A.4)

." 0 (y - b)/H

where

~ 2y) 2 2 3/2 (A.5)

f2(x. y) x/(x + y2 ) 3 / 2  (A.6)
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(z~y)

0 0

x

Figure 13. Semi-Infinite Strip R Used In
Integral Evaluation
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4kf (X. y)-my/(z 2 + 2 3/2 (A. 7)

f 4(x, Y) - /(X2 + 2 ) 3/2 (A. 8)

and

f 5(x. Y) - y 2 R(2 + Y 2) 3/2  (A. 9)

To Illustrate the methodology used In evaluating the Integrals (A.4),

consider

1 5 - 11M 1f 1 Lf Cy21(12 + y2)3/2 Jdyd (A.10)

By Pierce's integral tables (Ref 7).

T 1 2 1)2
F5 " f -b)/M

fl'l L dy/V y f ((y -b)/lMdy/

0 0

b) /) 2 72(A.12)

Substituting

z -(y - b)/M (A. 13)

and

dy -Mdz (A. 14)

Into the rightmost Integral of (A.12) yields:
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z + (Mz +b) (A.15)

The integrals (A.15) can be evaluated using Ref 7. One obtains, after

some algebraic manipulation,

75 l im L ln[(y + Y, I M)/yo + Il1! T L +

[bM2/(l + .232],(,r.2+Y2 + ((Xl + MY,)/

-+2 x:~2 + +((x + My)IVI'?M)) +

recalling

Yo Mx, +H b (A.17)
0

* and

Mx+ b (A. 18)

Notice the limit

lim L ln[(y1  ll +FL 2My 0 + NP + L) (A.19)

is not a function of z 0 or w hich leads to the following observation.
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If the integral F5 is evaluated on any other semi-infinite strip bounded

by the lines y - y0 and y - yl, the limit (A.19) Is invariant. Evalu-

ating the integral F5 using any other line segment connecting y - yo to

y -y 1 and formulating the difference betveen this result and (A.16)

leads to cancellation of the Limit (A.19).

The other four integrals. F1 through 74, can be evaluated by a

similar procedure using Ref 7. Each Integral has a limit term given

by:

(7z) him ln[(Y + yo, -2)/(y + \1jr 2) 1  (A.20)
L-*00

(F) 12y n(+ L) i ~ n(' TT +

L)] (A.21)

V2 +y2 L
(F3) lim[ -yy -0+ y 1 ] (A.22)

(F4) lim ln[(L + .T,2)/(L + L 1)] (A.23)
L-400

These terms cancel upon the formulation of integral differences.

Retaining the finite terms from each of the integral evaluations, we

can define "Strip Functions" Si for the functions f and the points

* (xo' yo) and (xz, yl) by

S E(xo. YO) , (in, yQ)] - (M/\fi )G (A.24)
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.2 2+
s2[(xo, o), (z1, yl)2 o70111  / T2 +2 0 o -

[ Is,+ z,! + (HI(, + H2))! +

[b/l + M2)3/2]G (A.25)

S 3 [(X., Yo), (zy )]- M/(.1 + H2))E +

[bM/(l + M2)3/2]G (A.26)

4(xo 0 l, 1 Y1)] - lnI(x 1 + N/-1 T )/
)Z2+ 2 fl+ 22

0 +V y2 2 - G/l (A.27)

s((xo , yo), (xj , yl)] - [b 2/(1 + X2)31 2 ]G-

(M/(l + M2))E (A.28)

vhere

G- ln[( + y + + my")/; ))

(( -2xz! + 72 + ((x° + 1Myo)/f + M)), (A.29)

and

2F 2-22

B 2".- ! 71 x o (A.30)

Exanining Figure 1. it Is obvious that each of the panel integrals

(2.30) through (2.34) can be obtained by formulating the difference of
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Iwo corresponding strip functions. This leads to the followIng

fundamental results:

I I s ir( -1 Q' (x3- 72) - Si[(xi. yQ,

I- S 1 [(X1 , y1), (z4- 72)] Si[( 2, YiP'

N - Y2)] (A. 32)

'Where I ranges from 1 to 5.
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APPENDIX B

S LEOUTPUT
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SPAN STATIONS
YLOC YIS

1 0.000
2 .250
3 .500
4 .150
5 1.000

SEMI-SPAN - 10.00

CSPRN STATIONS
XLOC xIC

1 0.000
2 .250
3 .500
4 .750

S 1.000

%RFAX POINTS
LE iE TLO

0.00 2.00 1
d.00 2.005

NACH "UMB8ER - .100

CY 2 .150
ux - .750

PANEL w K2 3 X4A P ONT

1 0.00 .50 0.00 .50 0 .00 2.50 .38 .36
0 00 0 1 .50

3 1.00 1.50 1.00 1.50 0.00 2.50 1.38 .38
i.o0 1.50 .00 .UO 0.0 20- -8 -38

5 0.00 .SO 0.00 .50 2.50 5.00 .36 2.68

7 1.00 1.50 1.00 1.50 2.S0 S.00 1.38 2.88
1-.2.00 1.50 z.o0 5 oe - "---2a-

9 0.00 .50 0.00 .50 5.00 7.0 .38 5.38
0 .5O 1.0 .O50 5.00 3.o 088

11 1.00 1.50 1.00 1.50 S.00 7.50 1.38 S.38
12 1.50 2.00 1.50 2.00 5.00 7.50 1.68 738
13 0.00 .SO 0.00 .50 7.50 10.00 .38 788

14 .50 1.00 .50 1.00 7.50 10.00 .g 7.6
15 1.00 1.50 1.00 1.50 7.50 10.00 1.38 7.88
16 1.S0 2.00 1.50 2.00 7.S0 10.00 1.88 7.88
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ALPHA - 5.00

PRESSURE AND SINGULARITY STRENGTH DISTRIBUTION

XP a .750

YP = .150

LINEAR

Y/S - .C38
X/C CAstFF DEL CAP CPU CPL DELCP

.188 0.00 .00215 .41582 -.46623 .36541 .63164
,438 0.00 .00357 .19382 -.21074 .17691 .38765
.6"8 0.00 .00452 .1203r -. 13151T .5 - - -.240
.938 0.00 .00484 .OZ656 -.03436 .01677 ,05313

YIS - .288

X/C CLAER DEL CAm CPU CPL DELCPTiss 0.00 ' .00618 *38R96 -.43403 .34389 779-

.438 0.00 .01164 .17955 -.19518 .16392 .35910
Ties 6-8 000 .oiT5 .1z180 -.12363 .10197-•22560
.938 0.00 .01862 .OSS6 -.03343 .01770 oAS113

YIs - .535
X'C CAMPFR DEL CA" CPU CPL DELCP
.-T18 8 o ---- - 3r---;3 54r_ -3 540-T72 6675--.6'.06 -

*438 0.00 .07086 .1434 -.15793 .12994 .28767
.6 509 t28V 69 -. 06?9 .6O378 .1905f7

*938 0.00 .08360 OIQ46 -.02392 .01000 .03892

X/C CAq8ER DEL CAI CPU CPL OELCP
-;-I~ a3a0.0 -. S316- T2916-6.67902i

.438 0.00 .17284 .ZtR60 -.24551 .19169 .43720

.688 Y a 6 .17610 Wry-T ~ 1 5r ~l

.938 0.00 .18774 .03R44 -.05524 .02165 .07689

-- Ld0Af3U'M,(ARY

V " X-CP CHO*O CL C"
.04 .8 2.00 .48 .134
.29 .2 k'- -2.00 .45 .126
.54 .27 2.O0 .37 .102
.79 .34 2.00 .45 .152
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PROGRAM~ LISTING

57



APIT/GAE/AE/80J-1

I PocJCogP WIUkC1INPU1,tU1PIL1,T5PE5.1NPUYTTPE6-CLIPU7I
C
C PPCCRP IP 61 CAL-ULAIES -1~tO NA

_______C ___ 6NC Of APPITRARY PLANFORF ANC CAPBER IN__
5 C- ---- -- LBSChIC FLC6. A IPRIANCULAR PANEL t4AVIPC- -

_________C A FILINEAU VCRTICITY DISTRIBUTIO ItS USEC___
CIC PPEICT .I~ PPESSLRE FIFLC. CCPPRESS-

C IPILITY EFFECTS ARE ACCOUNTEC FOR THPCLGt'
C lf-E PRaNCTL.-CLAVEPT 7RANSFERPATICIN.

IC C ___ _____ __________ _

Cfp PCI fLCCI'A 1Cd-. lyli ,2 1 Xcl I IC (6C) OF (to eO2 1 Cvq
CC PP CI PL!CPP/I-SSSPN ,S115 I ,C C( IC) ,NR NLI10lR(IlC ,2 IPACH
C'iPEiFCICC It 130,13C iTGIl3O),CBR(i6)9S'UPEC),ALPHA ON)

REAL P.4CP
O1EML L, 17

C
C EI U EC UE hC tGOER bAT

2CC ALL CATA 15 RPO USING FREE FCRPAI.
C -;EAt SPAN CA7A.
PE~rt5,* SsP' t'SI'SII II.1Ns1
hRIIElf;]CC)

I0C FCRP I( /1/2q) 1 $SPAN STAIICNt'J26)i,*YLOC*,1lX,*Y/S'I

IC NFITE(691101 1.5(1

3c C $tic Cl-CRC DATA._________________

'PTJT 1!--94 5TTT 10NI I 1 9 1 - SifX C I-

CC 2C 1-19%C

*14C

4C ISC PCI Phi (/I2q9 ,4eEAK PC!TS4/22k,*LE*, 1O ,TE*,ICX,9VLtC$)I

j 6C -- TM AI ( 19 IF 7. 2 9 3XI77: Y3 )

C $FAE CCwIRCL PC!NI LCCATIONS AWt PACH

4!i RE- Ad rtfy1 T I F

SC C F)APINEC. 7ThE ANCLF CF ATTACK ANC CAPPER
TYM-0 rC " t I -FA CF -- trsl M: -e rR rAr

C LATEP IN TPeE PRCCP. hjiTS IS CCNE TC
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c CF SPANWISE PAt.ELS
P-NC- I

tcC C#LCLALTE IAUMER Of PANELS NP.
NP- p ot,

C CALCULATE IU'"8EU CF UNKNCWPK 3!NGLLARITJES.

f!C CALL PMESP CENEFATCR
CALL. ?ESH(NF)
CALL AERPC(NP,Plkq? P21

CALL tCAC~ftPPvNvWPZI
C EI
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C StFRCUTP1E TO CALCULATE PANEL CCPIER PCIt,

_______________CCPPCPIeL[CCNhI (tO,4),flEC,?),XC(eO),Yc(6C),Eteo,2),CyCx___

IcCC IC 1C.19sc!

-C-Tt M2T--STIC EII

XthC9j).EIIl).E(Il2I*IS(J.1)-D3)/C2 _______________

~V(lkCqI -S £J 14 5Pl

INc.%C41

___________3C CCKIMlE
4C --CE LE

?C C CALCULATE CCTRCL POINTS.
Vc 5crr i-1.

C D? C TI'E CCQUESFCfkCIC COONER AND CONTRCL

bphTecqlccl

4CV4qXC,~.Y~

101 FCRPD1UfXvT?.t14XvF7.2))
4' C CLV'iIFUE
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c IllIS SV8BCLTI#.E EVALVATES TFE PAIEL. 1rNTE-
C CPALS. 1T ALSO Fkt'TiCNS AS T'HE Ef~ECTVE
C CCP'TPOLRCLYItiE FCP SUeRCUTtrKE S7RIP.____

CCPP0t/eLCCVcE/SPFf5*3l
REAL ILil

C COLCULTE STRIP FUWNCI1ONS FOR THE PAN~EL
C LE*C!NC kOCE WITH CONER PO6TS (N1.Y1)

IC C spty~qv
1-i
COLL STRIP01,W39Y2,1)_________

C CAL-CELATE tfi-P fuN-CTIbNSFOR THE PANEL
C PAilN CIACCiAL loITI- C(RNEF PCINIS 0~10t)

CALL STRIP()IiIq~1y4vy2, II
C CALCULAT 57RIP FUWCIONS FOR 'THE PANEL

2cC DPv ty4gY2l.
1;3

____________ C CLL STRIPtN2019".YZI ______________

Cc IC 1-195 ______________________

-cl I F.PP 1.2 E -p 1
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SLPeCLIlNE 5;p*~C~,zr
_________c SLPRCUIN~E IC CALCULATE STRIP FUI4CTJCNS.

r 1t-OEbiERIf1T1R FrCt~cfIc tC-cUT-tTO -s
C FEP CUSCRILAYERAL PAhEL. ______

CCPPr . LCCNEISFF15931
REAL PC

c t ~~S E T F!0 FUC 11CK- EL1T ro3 SF 0 WA N I K
C FINIT1E SLOPE tF Vl.XC.

I c PCM-NO1101i-vc)

UC. Oi- L C C' CPCA

L t f -I CC-(C -L#

CL4L0L/6UP3*03

___________SPF I iI1-PC4CLP4/LP3 ____LP02-CMOCM4C13

SPFt',T)-!C*PC"*2lCV4/CU~34PC.ODUP1-OUP2)JDUP3**2

SP~tI ,1--ALCC ICUF3)

- - L64 ;-- 5- V 1 2 ?T5rr

5P4C )Y4TI-1CP
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C 5LePCU7TkE TO INVERT TPE AERCOYNAPIC IN-
C fLJEK~E CCEFFICIEI.T ARRAY USING CAUSSIA%

C EFLTFINATICtA.

CC 7C L-19F.0?

IF(P.1.11 C I 2

rA I-p f1 I II

2C CEN11IILE
WE it,
EN C
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-C 11-1 SUBROUTINJE CALCULATES 11E AEPGDVt4A-
s C Pl~~rTYNCCECEPFFICIENIS 'ASS0001PKCiGA

C %CRT1C!TY CISTR1FUICI OF f-CX*EV'F)I

C AfTER THE PCUNCARY CEN0171CNS H4AVE BEENb
CA F PLTrf -

IC C_________

PCC

1! c 7CTpTT'(T0TT

P~I-.S2

EC IEC OU T-EAhCYIPI NFUEC

C 1ART CRANE COMIOL PCINT ECLATICH LCOP

C

CC 3CC JIftIp _________

XCIS.XCC(JII

C

C is qL,ycj
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C?.

ac C CELTA3

C CELA44

C Coipl

C COPPA2

7CC COPPA3

C4.?hP42*Pfe 14
C
C fVFLVT HE PRANCYL-CLAUER1 IOANSFCNPAIIC
C

7! Mu)1iDPCP
Y2-)?/APCI1

C -CALCULATE LEACINC ECCE PANEL CPECR PSAP.F
ec OIC-ftlEUSFWEE14~~

C CDCL1_8LICOEPAPNEUHE(CW PAPIP.
hqVu-lJplop

I! C il15 LCCV tCP'PLSES TI-E !INDUCED VELOCT
C 0f CONTOCI PUNTI J OLE TC PANE:L I IK-11
C o~r IFF IFOCE PANEL OF I IK-21.

C

C

IP(I.CI.ftP-Pl) CC iC Mc

__________C FSEL ECLAIIC4S IN TlIS SECTION CP T04f

IC! C PFCI.%f*PCO CC IC 20
C IPPLY FLOWi TANCESCV CCNDITTO% At TH4E L.E.

V3-Vf I*P,2I.ICJ4C4&P

Ric C

CC If 2c
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C 
________

atdc lI.6iel-rll-1-,lml lI I)-I1-V2)
~ )Iq lov4:3'1 1091 )it I I-! I fvt1-vZ!4f-P

12! C

c

tic c __

Iffig.c.PIC I
C

14C c

2CC CCIT'Llf

c fAAllf EOC.hTlCAS fiN 71 SECTION CF IFE
14! C Cr U an ARE fr-M-ERMPURSL

C

C IPPLV FLOW 1TACfCV CCKOITICN AT THE L.E.

I!C C 0 711E LoE.

22C CllhtI f

ecC 23C CCNIIIt.F

c

17C c
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C
36C CCNIIME

4CC CCh1I IAE

C 10.IS SECTICW !CFIVSUERCUtINE AERC FCRMULOIES
C lIPE NP CELTS SPECIAL CONIN~UITY CCNO1TlCNS

iEC C Al TIFC LCIBER RICI-7 HAND PANE-L criPNER.

cc EcC I.1,SNP

Isc C

C,'-
C 4 PAE

CC CF TP4 COD ARE___________________ FOR INERIOR N ROO

L 3~P~ C10"Ie

C2 CONCTINUEEIISANIETI ANL

220 C
C PANEL CONTIfNUITY [LfAIOS INTHIS SECTIONF

C C-ffThECODE ARE FOR INVIP ORk AD ROOT

225 tifh@*EC.PCI CC TO 510

S10 CONINIUE

At IW3w.61
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230 590 CONIME
60-0 CON lI UE

C
C 14!S -SECTION OF SUARVdUTINfE Af-ROF CR ULATIES
C P ADDITIONAL DELTA CONTINUITY CONDITIONS

235 C Ct. THE ROOTf CO ~ PAES.-

On 7CC I-lip
INPOZ#NP.I

20XI-XtJq1IIapcH ___________

____________X3.%(J.31/APC4

245 92.VIj,z)

v1.J-1

250 GZ %p.p'j.1
G'.-hP.2*M4 J*2

C CALCULATE TE AND LE CHECK PARAMETERS.

2-55 19( NE.P~FC) GO TO 710
Al IWPqGIl--1X3-X1IIIY2-Y1I
CIF 0 (b? 76-

710 CONTINUE
AlIT lP-90 11-I .

260 720 CONTINUE

Al !N~7iZI-AI. PCt(2X4/Y-

____________________Al IP*C41w-X2-Yl1IIYl-YZI

7OO CONTINUE
RE-TURN
END
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SUBROUTINE LOACS(NP,",NvNP2)
C SUROUYINE TOCAL.CULATE PRESSURE DISTRI- ____

Ch'PIBNLOCAWi604I!60,Z1,XC(6IYC(6IE.-(6092ICYIC
S ~~~ -6 2 (0 9NL ~81,3 AC4

CD'q"DNI L2.CCAq130,130),5Ct130),CSR60)5UqteOI ALPHANA
DIESO f- O:- ELi GT4A'(6 O).CPU(6O).,CPL46O3,LL6)C(0
INTEGER DI9D2D3vO49Gl9C29C39C4
REAL OACH

A"lCH.SORT(I-MACHe**2I

C SET CAMBER SLOPES EOUAL TO ZERO.

15 CARMI-O.
10 CONTINUF _________

C READ NA SE-T S OfF ANGLEOff ATTACK AND
C CAPBER SLOPE DISTRIBUTION DATA.

.00 900 L-1,NA
Z0 REAOIS,9) ALPHANCCCNPFCYRCX

_________C NCCC IS THE CAMBER CHANCE PARAMETER. _____

CENTERO-TO READ A NEW CAM8E - FWI OPE -DISTRI-
____C BUTICN OR ENTER I TO RETAIN THE PREVIOUS

Z5 C C~~~~~~ISTRU9TION.- -.-. ________

C NOT IS3 THE PRESSURE PvfTION PARAWE[TER.
C ENTER 0 TO USE THk EXACT ISENTROPIC_______
C EXP'RE-S-SIN OR ENTE-R 1TYC USE THE- LINEAR-

30 C IZED F'J-RM. ___________________

C C0"PUTE PRESSURES AT PAN4EL LOCATION CX
e ATIUhCY7-NOT E- PO-E-S URES-.iAYmrrOMP-UiyTU
C AT POINTS OTHER THAN THE CONTROL POINTS.

C COLCULATE PNESSLRF EVALLATICNPCIkTS.

CCM~tl CC I( 2c

as - -f-I-7- ((( iC I I Y-I U

C *It;I~I9~ tI 0ICPILIZEE Z CCFttfl CF

CC !( J-11pl;
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t! ~ CC fcc 1l ip

C I ______III

7- - !awIytclcstt1)ctI SICLDPli

X2XfCloI/APCH

X3 i TiTf -- C

75 Y2-Y(19Z)
C CALCULATE THE 51 GULAIT-rf-Y j NUP tS.

so 01-1-1

Dz-1
es CLCUAT TEAN 0ECHCK ARMETRS

60TILY E

90GC - 7.-'1 __________________________

GZM.P.N~

90 CHECK If PAE SAWIGTPFM.

105 DEL3-0.3lAMC

DEL3-StD3
C2 CCEC UT PAE NI tN I PNL
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GA41S~fC1)I
GA'43.SG(G31
IF(N9.FO.9qC) GO TO '400
CAnP?-SC ( ? 2
GAf'.-SG(C'.)

!?.P GO TO 4.00
30O0 CON -4TIN4U E

C SINGULARITIES DETERnINED IN THIS SECTION
C ARE FOR TIP CHORD PANELS.

125 C
___________________IF(NA.NF.MC) GO TO 310

6 L CfX -X1/YZ-Y 1*S G G I
CO TfO 320

310 CI)NTINUE
130 DELI-SGIDI)

320 CnNTINUE __________________ ________

OEL'-SG('si
13B GA"I-SC(I I

IFINqJ.t).1c Go TO '.00
CAP'2-SdCffii)

4.00 CONT14UF___ ______

c
1'.0 AL- (YZ*t X3-X4 1 *CAM 1 I* X #1YZ I *GAK3.f (XI*YZ-YIOX3______

1/(Y2-Yll/4X3-X.)

ISO 6L-lGAM3-GA4Id/fX3-XI

1'.5 CL-i (X3-XI)*CAM4TTX4-XI)*CAM3.(X2-Xi I.CA~'.I(YI-Y2)/(2-FI

C CALCULATE LIFT AND OMOENTINCREMENTS

X'?-Xx4~t-xi)*(yI -Fl/Iy2-Yli

160 IFfNM.NE."Cl GO TO 4.10

410 COMTINUE _______________________

C'~tI)-C(L.C*A*YI)*(XeZ-X5*Z.*8L1*X*$*(-X5*3)/**)f
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C DETERMINE If UPPER OR LOWER PANEL VOR-

C TICTTY EOUATIONS ARE TO BiE USED

115 C CALCULATE THE X CO-ORDINATE OF THE PANEL

FC MAIN DIAGONAL AT YI.
xo-xI.(x1.-XXIIIVZ-Yli*(YI-YII_____ _____

C ~CHECK XI TOtOTERM iNE If JT LIES ABbVE
C OR BeLOW TPE MAIN DIAGONAL. NOTE - IF

IS0 C Xl.GT.XD, THEN IT LIES BELOW THE MAIN

C DIAGONAL.
IFIXI.CT.XD) dO TO 1,50

C UPPER PAELEUAIN NTHS-
185 EL-IDELl-DEL3.(Xl-Y3)eCL)/(Yi-Y21 ETIN

C

VL-t-Y2*DFLI.Y1.OEL3o(Y1*K3-X1*YZ).CLI/(YI-Y2)

_____________________GA%(IIAL*8L*XI*CLOYI

____________________ GO TO 500

M ChONT INUE

195 C

FT.I-Y?*OEL2.YL*CEL1..(YI*X1.-X2*YZI'CTI/(Yl-Y2)

GA~I I -AT*ATfXI.CT*YI
GTLIT--F-TvT-#rr' Yx

9500 CONTINUE

205 C 
_____________

C CALCUITUU VU fl DUO91 Ew"-J -Fl7f-Cp S.

I FT-N V7ICY 604.
C EXACT ISENTRIPIC PRESSURE EXPRESSION.

___________________DU'9Z-IG-1 P*FACH**2/2

DO 6)l 1.NP _________

o"~'.-~u~ tPFWiT~AW T~l~e"*DELT V ) **2

215 CP~tlIUIrlIrrUW"Tt(hTT I-ooi'm * $*DUM 3-1i

601 CONTINUF ___________________________

CO -TO 606
______ ~604. CONTINUE ________

DumI-( I-PAC#N*Z)

DU%2)U"1*IGA9Cj112)**Z(SU(iI*2.g0ELtII2)**2______

CPU rIV--eCGA (j1*U4VDU1

6045-CONTtNUrF-

606 CONTINUF
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C START OUTPUT SEQUENCE
230 C_____________________________ __

WRTTE(6,6101 ALPHA
610 FORqNAT(////IZ9Xl*ALPHA -*9F6.2, ____________

620 FfRAT(1/12X,*PRESSURE AND SINGULARTTY STRENGTH DISTRIBUTION*3
235 W iffi-69.h25) CXCY

625 FO3R4AT1130X,*XP m**F6.3/3OXv*YP -*9F6.31
IF(NPF.EQ.ll GO TO 627

_____________________WQ ITE(69626) ______________________________

626 F0RMATE/-33,*EXACT*)
24~0 GO TO 629

627 CONTINUF
______________________WQ !TF(6*6281

628 FOR4AT(/32X,*LtNEAR*l
629 CnNTI%'UE

21,5 NI-I
of) 760 S-19N

HRITEthA6301 OUR ___ _____ _______

.630 FO)R AT(//30X,*YIS -*tF6.3/ 6X,*X/C*.1,X,*CANBER*,5X,*DEL*,6E,*GAM*.
250 16Xt'CPU' ,6X,*CPL*96X,*OELCP*l

00 750 I.1,N
______________________ U"I-cti ,CY*(C(t.1)lC(T)1

DUi2-CPL.(Ni I-CPU(NiT
WQITU(69640)__OUNICOR(NIIDELINi),GAN(N1,CPU(NI) ,CPL(NIIDUMZ

255 640 F~.I3,633,622,853 XF.)Z,85

75 N0 TI NU-E
750 CONTINUE

C
260 C THIS SFCi ION OF THE OUTPUT TABULATES THE

CLOA~V57U4AYfW-Hj-tR- -CL iJbrrTNO C N.

?6- fR4T(/f2X,7651 0 SUNN&PqY*1Ii7X,*y*s*,x,.x-CP*,.xCH0RD*,

265 16i *CL*,6X,OCN*l
______________________NqI.N5-l

N4-0
S DnO 790 K-IN81

Ni. '4L(-l
270 N2-NL(K*11-1

rJ(JTY1S jnc j.Nt#%
______ ______________umi-tnum-s(Nf))(S(N3I-S(Nl))____ _____________

275 192((,2lAKI )*IDN~DN*BP.,)8KI1

('0 770 1-19"
N * N 1

280 - T3-DUA3+CtLLN.)
OU' '-DO-4#C 4N41'~

770 CONY KNE ________________________________

DU"5-DUN1,fOUM3/DUMZ
DuM3.OU"3IPU"2

285 0UN1,.DUM4./(DURZ*4Z)
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WR1T~f6#775) DU9U5OAvU~DM
775 FfRNATW1EXF.2,3XF5..22XF7.Z2EXF7.2ZXF6.31
780 CON4TINUE

______ 790 _CON4TINUE _____________

290- S06 -CONT1%UfE - -
syflp
END
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